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ABSTRACT : 

PROBLEM TO BE SOLVED: To allow patterning a 
tungsten-based etched layer so 

as to make its section tapered forward, by specifying the 
tapered angle of a 

tungsten film, a metallic compound film having as its main 
component a tungsten 

compound, or a metallic alloy film having as its main 

component a tungsten 

alloy. 

SOLUTION: There are provided a tungsten nitride film in 
a lower layer 603b 

of this metallic laminated film and a tungsten film in its 
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upper layer 603a. 

An etched sample comprises a substrate 601, an underlying 
film 602, the 

metallic laminated films 603a, 603b, and resist mask 
patterns 604a, 604b- In 

this case, the higher a bias-power density is, the smaller 
a tapered angle 

α of a wiring of the metallic film 603b is, and by 
adjusting simply the 

bias-power density, the desired tapered-angle α of 
5° -85° 

(preferably, the. scope of 20° -70° ) can be formed. 
Hereupon, the 

tapered-angle fcalpha; means the angle whom the tapered 
portion (inclined , 

portion) of the sectional shape of the wiring 6 03b forms to 
the surface of the 
underlying film 602. 
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[0066] iiTti, WK*-«fc LT^UcA^ - 
o. Cr. Nb, Sif) tCOUT I C Px >yf-y^ 

^Mlil40-160nm/mi nTfflKJtfc6~8 
ASBfefl. W»l7fy/M70-90nin/rai 
n s t fcSm 2 ~4 (C» LT flSil^ffic & o T U & . 

^^$>Sr^tttLT. Ta)M;fii^li2 0~- 
SOAiQcmT^O. W^(0ffita** { l 0-1 6x/Qc 
mT'S) l> CO [Z&KX ^=F«V \**mi[ t & & . 
[0067] 4fc, ±i6K5^X-yf-y^ffl^l.X<y 

+vritxt L-TCF4 (B7 7ftSaf^x) tci 2 ^ 
XtcOS-^^XS-fflU^ ttfcRSSS^i 4 . Mxtf, 
C 2 F 6 . 4fc»iC4 Fe*»£>8tfii;fc7-y*£*trRJ6;if 
xtClz. S i C 1 4 . 4fcfiBC l3*^SJf^JS 
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[0068] tfcs *»x./fymn mm 

mm-. E64 5) zm\ my-vftmrnA'^ (cf») 
km (c 1 2 > ^fflv^^^T*fitf, 

Xvf-y?'#Xiga* : 6 0 — 1 2 0 s c c m 
Xyf-y^XffiHt: CF4/C l 2 =3 0/3 0 sc 
c m~5 0/10sccm 

(X 7 f-y^X»H$\OE^) : 1. OP a- 
2. OPa 

I CPA'7-i£jg : 0. 6 1W/cm ! ~2. 0 4W/ 
cm' (ICPA7-: 3 0 0W-1 O0 0W) , fflft 

1 3MHz~60MHz 
vsV : 0 . 0 6 4W/cm 2 -3. 2W 

/cm' TXA'7- : 10W-5 0 0W) . JUM 

100kHz-60MHz, #F£ L-<li6MHz 
~29MHz' 

0°C-8 0T\ il&L<l,Z7 0°C±1 0'C 

[0 0 6 9] =5rfc, ^Bftjfflgttycfcvrt r$fcj ^ 

[0070] tLh«flhR-e^«.*gH5|B8(=^V^T, OT 
tew^jOWrcfc oTSfefclfillttKWtff 3 Z k ft 

h. 

[0071] 

[0072] 4£ttPJaffl£li. II 1 2 {C^U:^ 3 
t. lft*t«H**rt*3HK 1 0 l±lcTFT£*LT 
v>*>. fflgl 0 ltll #9;UWeE39HKS:ttflW- 

m^zkfBimx'hz. 

[0073] Z9>&BL 1 0 1 <DTFTtfBf8.Ztlh$kW 

wt^yavii, aft^uayBi, afcttwawt^u 

3VWM^t) a^Sr&Tifi&l 0 25r*LTV> 
S. miii. 75X*7CVDSt"S i H4, NH 3 , N 2 
O^fHHSii&iMfcBfti'UayHl 02aH 0- 
20 0 nm L<\£5 0-1 0 0 nm) , mUlZS 
iHu N2O. H2*4>fWSft*I^*fc*3Hfci''./ 
3>-K10 2bSr5 0~2 0 0nm L< i± 1 0 0 
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1 2 

~ 1 5 0 n m ) teSWM&8 Lfc. ZZ TttTJfiR 
1 0 2£2JlffiS£fc LT^Lfctf, ttl3ttijRa$MR 

[0074] TffiKl 0 2±£14. TFTtfOvSfi 

(IB£jftJt£) . 7t7ht-W--^(RTA 
10 s ifcttttiH 1 ? - 1 3 0 6 5 2^«THKt$fl 

If frfc. fof B W8>££*t£¥»#&KJ4, 
[0075] ±I2T F Ttf>*Stt« £H 0 MfitK 1 

3014, 7jx~?cvDmttd±z.'*vf&&m\ m 

Jf£4 0~l 5 0 nmklX*/V a>Z-ktstmmX'B 
20 yayjftfr&JBjSUt. S i H*i:N-20|COit 

asans-ar-cf^Hsnfeiiftaftx y a ^wi . 
u*fmtfr*. Mil, y-Meawiii<oj;a*iMK 

[0076] ±iey- ht6HK±fc»)Ss<ifc y- >•* 

« 1 1 8~ 1 2 2 At^S4«tt 1 2 3 (4. W^H±^«tt 

30 (a) k &mfrt>&imm ( b > t t^«3t 

**LTV^S. mi (B) »4Ta. Ti. W^Stf 

w&tfsNX'foivff—yv bzmvcx'tvfm 

X. ArifZkaSk (N2) #X£gALTg«« 
(A) iWNltC5 0niTiOWSfc»lSU »«1 
( B ) £ W*?2 5 0 n mOHS tC^fig LftlHIR 

S^--y^try-h»Bl 18-12 

«Sl2 3tJ»a**fc. =3rfc, y-hm 118-1 
40 2 3«Wfc^-^-»*WjftS#l4 ± 3 tcx-y^y^r 

■^4. icoxyf-yyjDXIi 1 C Piyfy/IIItJ: 

Of**. *S»WTtt. xyf-y^xtCFiiC 

1 i*>m-&#xzm\.\ *<omMi*ti?ti3 0 sec 

mfcLT, ICPA7-Wa*3. 2W/cn« (K 
»:13. 5 6MHz), AM7X/-i7-f^0. 2 

2 4W/cm ! (JUS^t: 1 3. 5 6MHz) , ^XE 

1. OPat LTX'yf-y^fcff-ofc. ;wi^x 7 
r>7%frk'tZ>Zk£.£'>X. y-h«ffill8-i 
50 2 2StA^fimflil 2 3«iB»t:*iV^, K«l»*»A>rt 
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1 3 

ft, icr>nmt2 5-3 5' , #4L<J43 0° 

[0077] i(SDr-^HK*e*^-4y-b« 
& 1 1 8- 1 2 2 , &tf$M3ffi 1 2 3 £#JS*SBL 
«aE^H-fif:«r<x-y^^f*3t»fcs 10-20 

^*jtusfc», y-himmi 3ot4, hhm^k 

[0078] 3)^Wt«Ttts Bfa«0LDDfH«* 10 
18-1 2 2fcvx?fcl/CgE*aWfcnS4fcU:p 

fi*r«-4-f h^mim*4 *y ^-rmxism^m 

MUZ. tiis *T BHI»LDDfBWt]ttiW-4ft 

*^«»7c**^ *y v-y°m-cmmimtai 
[0079] it, mManafliiap*ir**a 

TFT (A) 20 0atli attUCf-V*/WR««(l 
206, *-*-FS«i:SfcSLDD««207. iSitJg 20 

p&TOffMHK*6jftty-xiiW2 0 8, FMy« 

«2 0 9S*UfcflBtt*r)-CV^. SlOnft^ 
iTFT(A) 2 0 1 atli, iSttlfef-* */W[Sj£1i 
«2 1 0. flS^nS^WHriHJSTJBlSS^-hWi 

1 19k*ar4LDD|B«2 1 1 . S*£n£*Wft« 

«-e»fiS;-rs y-x«W2 12, FN y^«2 1 3 & 

HI 1 9tM&&LDDlSiS2:Lov£: IX^cO^^IV 
^UjflO^iiO . 1-1. 5Atm, ff*Kf40. 3 
-0. Stxmt-fh. ic7)LovC0^§{iy-MEffil 1 30 

[0080] ifc, BttllIB<0l(S2<0pf-r*;PSTF 
T (A) 202a(ilW«fc, iS1Mte***/W8««« 

2 14, ^-Ffcfil 2 0t«**LDD«W2 1 5, 

j»«Kpa^««riW*c»ias#i*y-^f»W2 1 e , 

FM>i!W2l7**U:1»5tfcfc->'0>*. £520 
nf"**/HlTFT (A) 2 0 3aKJ±, JSttlfc?"* 
*/W#JdW»«2 1 8, y-Hil 2 1 t»&l>LDD 
ffitt2 19, «a«nJE?W««Wrc»lftt&y-XlH 
$220, KM>ffl*2 2 1&«VC»«. LDDfil 40 

®2 1914. LDDAW2 1 lfcRWtJfti'tft. BX 
T F T 2 0 4 fcli , vSttStC^-V *>l/#jfcflWI 2 2 2 

a , 222b, {Sits nmT-mmmxmmi> l d d 

I«2 2 3a, 223b, STffiS n S^^H^t-ffM 
"f-*y-X*fcliKW y®$2 2 5-2 2 7 £#LT 
US. LDD«W223a, 223b{2, LDD|B«2 

1 lfcBtflWfct"*. s^fc. $ft5ifti 23 1, y 
-h»fe«h, B*TFT2 0 4tf)F*l"fyflWi2 2 7 
fc«8M-6 i l s »*«2 2 8. 2 2 9£*>£«ftS*2 0 
5MMt8#lTV*6. H12"Ctt, BIHMM>n*** 50 



*#BB2001-35808 
14 

n«TFT*5j:tfp"f-ir3MHHTFTt-*»y-^ ■ 
FIW >H(£— ?oy-MBBiS:Kftfc^y^y-h 
OflBtfcU B^TFT^yV^-Fftjti L£*\ 
.1 ft. OT F TJ4V vffft t> isVfiVV- hffi^tlXi> 

a^u aaR<o^-h«fi*-»«y-x- Fwyfa 

[0081]**:, F WBB AW- MUM* 1 3 
0 *ah>Tft3£KIK 1 4 2 £W ITUS . MONK 

ttRfti/yayiR, mwt^u^ym, mi&Vay 

[0082] 4fc s ftHt&BKl 4 2*«o TWtllfcgl 

BIW4i:tT(4, aKU-f 5 F\ 7?U/k #1/75 
JlfU-f SHTSH, BCB (W^Drfy) fl% 

[0083] 4fc, aj'^^W-^UWiW 
*«SttlIfc««$*ifc y-*«*4fctt KM y«*fc 

«M-sy-^s«4fc»4Kw ymkzmmtmmi a 

8U4. 144a-154atStTi 1 7^5-^ AO 

Mitt , i 4 4 b- i 5 4 b x*tmmnmt com 
mmm^ixv^. 4*:, Kwyi«i5 3a, 1 

5 3 b«iB*«®t LTflBttS i<0T*>* . aggre 

nwiiMM y^A»flseffl£& ( i n 2 o 3 -z n 

0) , BftSffi (ZnO) tatfcttfl-CftO. s&ic 

a) »DU^ffiia (ZnO : G a ) £ 

[0084] fiLhO«^^t4, B^TFTfe itflBM 
UKam^&ftHUCfS tT#Dfl»*«)$f 4 T FTP) 

2it&Zt£*IffitlX^&. ZMzy-hW&blX 

[0085] $^>t:, y-hmmizy-hmumzfti 

s wrssan Lfc^HawaisjcjiaflEi^fc *t l d d 
®mmfcthztx\ mzvuj ymimmzmz 

[0086] ifc. 01 2^t/c77r-f y-7FU^ 
[0087] mz, Wil 3^fflV^T, 01 2tC^L^7 

?r a fy v y ? ^s^^ Hz7?t a f y ^ 

[0088] 4-f, 7^r-<y-7F'J^xS«±tc^lg 
H§r^^-- y^LT»4>n^a*cOX^— ^-4 0 5a 
-4 0 5e, 4 0 6*»jftt4. 4*:. 
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[0089] &<-->T\ 77T -f 7*^ b U 
iai6jR4 0 7£Silt£. KMifrflMt^ 7t'y/ 

[0090] *f|fr|ffl«0»|6jS«4 0 1 Cte, ££Hg4 0 
2 . M*«K4 o 38 JWElfMM 0 4 sjaaw*. 

0 2<4T iJBL C r«L A 1 IWrift 1 5 0- 

3oon m m2?mmh. mmtmrnm 
mm&&ixkT9T4 v u 9xm$.bn$mMb 
*v-mu o zx-m^b^h. 
[oo9i] *<oa, raffiaiBNdKAfHH o 9 &a 

mm. tnwl&omiz. mMiznixmrnammm 

[0092]-*. a^aflUb&ftSilfc 

[0093] Lmmm2 ] *mmts 0 1 4 tnin 

X. JJBtttM ( h'vr^'-hSTFT) fcttHfc** 
hi,y-hfiTFTtfflvxfe««6lltfl«LfeMt* 

[ 0 0 9 4 ] 4i\ if^tt*« 18 0 1 _tfc*^* 9W: 

Wl/CV^S. &£s s aBRt»tTSiOxNy-C«$*t4 

X\ mm<7)*-\'SW<9-y*n&t:V)aWJx h^r 
7. 9 £ 7 * KU V /57 < ffitcj: -5 TJiMir& . 
[0 0 9 5] #hAy-hfflTFTfct3WCIi, 7*-h 

6 *bAy-h-|fit<Z>TFT#14, 
- M3l±fc:»iai-t* JR^>a»ttJ3 iufy- M6»RO 
Bffi*|6l±S-e-*fc«>. y-hiMftl 8 0 2-18 05 
«f-v<-ftli6 0* OT, #4L<t440' filT-C* 

[0 0 9 6] »>t. ICPX-yf-^JIfiilrfflU. JL 

aaxmsutixsmiRLx . y-hE«ii802~i 

8 0 5tf5r-^-ft* 6 0 • KIT, if 4 L< (±4 0 * JJI 
Til*:. JSBOHIH4. &tt*)«tB£fflVtfitfJ:<. 

[0 0 9 7] 02l4ncfcUT18 14(4CMOSIB] 
8&. 1 8 1 5l*n***/l*TFT, 1 8 1 6*«mT 
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1 6 

FT. 18 17J4Jiia*6WR. 1818a(iB««ffis 
181 8bl4I TORTUS. IcOITOJ118 18b 

fc, 1819liiMf4« 182 0{4*rr6]HfigT'J>&. 
i£. 18 0 H4&10S=|£, 1 8 0 81^-/1^, 
1807. 180 9-18 1 2(itt«X^— 9". 182 
l{i^2<7)««rJ)-& 0 

[ o o 9 8 ] *ggt0ifiigft0i i t g 

10 [0 099] [|Qt«3]H15tC*JfiHH**iJfflLTje 

1 5 (A) t=l4tt»SiBii*^rf4R 1 5 

£*#«S£<oiei3w»rffi0£*L*:. £«of«lis * 
-7*-y Nfc LTI4fcfcg#6N<Dt>05:fflU. XA' 7 M 
XfcUTJiT^y (Ar) (OHfttfXfcJBVvCtfjfcl, 

«SJS5r3 0 O-CWTi; U xr<v9#A0)l&j* 1 . 
0PaJa±fcLTJSJj£m«IU flSOftft (XA'-y^N- 

20 7-* > tt asaiat«3&«8fcsrr<i » J: v * . 

[oioo] ±Rrtf-~y?nm£it. Wton9®&> 

mm^itzum. mm. 'vrwv-mmzmi 

XT-^-ftamw^h. 

i o i o i ] £ 3 uti#«i*e« 1501 oKiBBtt 

14, J9ra<9?--A-aa£#LT^*. 4fc, ^tt^C 

p p mJaT fc "t 4 i fc , m^Jgta^ti 2 0 >u a ■ 
cmlilT. fWWfctt, 6iu-l 5uQ ■ emits; 
t* { t'^4. 4fe, UW^tt, -5X1 0^-5x1 
30 0 1 »dyn/cm2t1-|.C:i^-C^4. 

[0 102] 4fc. 015(B) (4, HttWl*>y-h 

S. tcii. m\L9>yX7->mi 5 0 2iil 0~5 0n 
m (»*t<ttl 0-30nm) bl. 9V7*X<rVm. 
1 503J4 200~4 00nm W& t<(42 5 0-3 
5 0nm) fc"f*Ufj|V\ *Htt0T«4, ^tSWC*fch.6 

[0103] ttz. @i5 (o {4. mmmtfttz 
40 r ( 4fcf4»R) i 5 o o±t«jsgSfut^ y^'xry 

*±&»b-t*tittiPt>%&WKl 5 0 42r*e»Rl 5 

o 5Ta^fc«-c*4 . mmi 5 0 5(4^ta«R. 
mtimm. msw&ms \ oxNy (du o< 
x, y <i ) tw±*ixt>zm£bitt:mmx'mf8. 

[ 0 1 0 4 ] 0 1 5 ( d > (4. ne^ffiSvrr h 
m ( ^^cJ4S«) 1 5 0 o±t»jRs*ifc^ y/xfy 
^±fig*t-n»«iis}*^ : 5r4ae^ 1 5 0 6<o«h^m^ 

^y^XrVRl 5 0 7-cV->fcfl?&t. ^rfc, 01 
50 5 (A)o«ffl«s«t:r7Xvafl^poa'[fc«ia*it 
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?k 01 5 (D) <7)*«il#m*l6. 
CO 1 0 5] 4£ s 015 (E) 14, leM^jS?:*-^. 

m(ttMmsL) i5ooii«?n^?ynfy 

£±)£#fc^tt«*^$:l>Elll 5 0 9*m.i\L9y? 
Xr>m 5 10, 1 5 0 8T«^*:MT';£>&. =5:13, 

01 5 ( b ) rtmnEMizTyx-zmmnmitim 
zmtmi 5(e) ««Bft3WiA,*i6. 

[0 10 6] *fc, HI 5 (P> 14. HI 5 (E) WR 

mmtiLLt&k. mmi 5 1 l-m-ofcercft*. m 
mm 5 1 uimmm®, wtmm* mmtm 

[ 0 1 0 7 ] ZcoX 0 fc. *9^tttt«&Bifttttt(3t 
§ . 4 fc', #&&fe0H4f&«fc0iJ 1 * 

» 2 1 g ; t mmx'h h . 

[0108] [Htfe{aj4 ] *Hit0!|-ei4, i/U 

v\ 4£. K*fSt'$>^<7)-C\ Iltli: ixm%<?> 

( A 1 -Ag^i) ££fflvtfumu. 
[0 10 9] Srfc. *^6^«J«{4. «ajl~30 

[0110] [HJI0II5 ] **D!ttft**)M0 S F ET 
±fcllHWft«W*»lRU *<0±tTFT*»«t4IR 
fcfflu 6 £ 1 1 nTflgf* h . BP*> . H&7cffii<7>#igft 

IMOX, Smart-Cut (S0ITEC&«0£8iS 
&) . ELTRAN (dr^yy^^tt^S^ffi^) «r 

[0 1 1 1 Hffi, *9BH0!ofllJ«4, 5HtMl~4<0 

&. 

[0112] [Hife0»6] *»Wi7?T*7 , ?HJ? 

[0 1 1 3] 01 6{47^r-f7-7hU^XMELf < 

0. *<0fliflfcU4X*|6ffi»HIB8 2, Y#|SWHttGIB 
8 3j&*Rftfc*l"0>4. BSI3Ift8 letf-SS 
(4, *4 >vif-fflTFT84, r»yry^8 5. «9KM0P 
ETFT8 6. W«EL*?8 7$*U *4 vf-fflT 
FT8 4fcX*|ftJ«-*ll88a <*fcli88b) . Y*I*J 
flW4*89a <afctt8 9b. 8 9c) #S8KS*l6. 4 
fc, «aWI«fflTFT8 6t:»4, m^9 0a s 9 0b# 



(10) #W200 1-35808 

1 8 

[01 143 *9mM<D7'7T i 7vbV ? xmLr 

**7V-r?tt. x#rM>niB8 2, Y^rr&jSH»HlK 

8 34 fctt*SWJWJBT F T 8 6 (Clfl V> A>it6 T F T £ 
ftfSfll 1 T1# 4> ft I) 0 1 2 (7) p f- -Y */HST F T 2 0 0 
4fctt2 0 2 s nf-r*/I/STFT2 0 1*fctt2 0 3 
*ffl»^*)*T»*t*. 4£, X-f <y?-JflTFT84 
<7)TFT£01 2Wn^^STFT2 0 4-C^fi&t 

[0115] fcfc, *mme)79T4T? h U 7*3! 
10 EL7*-fXrMfc*ttT, S0tWl~5OV^«|* 

[0 116] [XHM7] 0tSfe0U<D01 3T*L?t± 
1ST ? r <r h >; ? xmttfk£*3mcoffitfi* . 0 1 

US. (micomfc) J4. #5*»K8 0 l±fc»j£S*l 
fc, BSSI58 0 2t. y-MBB»liIB8 0 3i:, V- 

xsmnMajfts o 4X'mzti& . a*iw>B*T f t 

80 5 (Hl3OffiRTFT2 0 4fcfflS"f*> ttnf- 
-V *A>BT F TT& 0 . H^€«§ 8 0 6 aVflM*®* 8 
20 0 7(01 3 <0ftjf®*2 0 5 tclBS"f * ) fcSSttSil 

[o 1 1 7 ] jnau=K(t4>^Rn[BiB;4CMo 

803k* V-xmm®&8 0 4 MB 
4S8 0 8 fc V-^S»8 0 9 TBXtf 8 0 2 
T^*. *fcs FPC810*«tt3ft&rt«AitiA18 

^8i itei4W»ig»*'Cfli^tfi»tiJt«xoAffi* 

IS^ (jfitHStt) 8 12, 8 1 3**Syt«lTV*ft. 4 
fc, 814Ji«m»R (H20S«) 
30 [ 0 1 1 8 ] £tk *H3iSB#+T<40 1 7 ic^ Uc*m 

WAWnrnz k t--BttjiiZ\tmgf£ v^-fvk v^o . 
m-> x. * jt*w?v ^oTy>T< 7*?bv? xmm&m 

[0119] [^ffe^J8 ] *HB|^ilT«$^ 
TFT(4«^^m^3t^StCffl^l»^t* i T'#l.. BP 

zn^m&ft^&zmTnm&k LTsa^sx^m 

40 [0120] *tM%WfWRb IXU. t'r*** 
[01213018 (A) ijA-ytwye A -^T 

i) 1 ?. *«s2 0 0 Is B«7JJ»2 0 0 2, ^^S2 
0 0 3, =Jf--K- F 2 0 0 4 TMHsKSft.* . *«SHHSr 
50 H^A^J|[P 2 0 0 2. i&mW.2 0 0 3^-5-Ofl!lOft# 
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mmmmzmm-t & ; t tfx-t & . 

[01221018 (B) t4t'T*;M5T'S>0, 

2101, «*sa2 io2. *wjj»2 i o 3 , m 

ftXj y + 2 104, A'-yrU-2 1 0 5. Sttflt2 1 

o ex'ffi&ztiz. *mpMm$m.2 102*9* 
[01231018 (c) ut/qwyea-^ 

-t>3yfa-?) -CfcO. **220 1. 
22 0 2, §&$2 20 3, SftX-f -yf-2 2 04. 

2 0 5 ?mzti& . *H»«i4«^(ai2 2 

[0 1 24] HI 8 (D) \tt-y)\mrr4X7V4X 
£0> ##2 3 0 1, fU*ga2 3 0 2, 7-A&2 3 
0 3 ■CfflKSftS . *»Wi«SSIB2 3 0 2^»*<0flfi 

[01251018(E) fcfcTn^AtlBILfcet 
m (J*Tf\ IBS«*fcff.JO *J8v*7T/-*— efc 

"9. *ft24 0 1 , #SS3S12 4 0 2 S Xt-#gS2 4 
0 3, iE£j£tt2 4 04 s M#X-f vf-24 0 5-CMtt 
fct*. £Og»4t£SMfrkLTDVD (Di 
gtial Versatile Disc), C DIP 

Srff 5 £ k h . *?MBI43KRiai 2 4 0 2 **<D 
A!W)ffl«»liI»t3WBt4 i k*^* 4. 
[0 1 263 01 8 (F> 14^^*^97*0, * 
#25 0 1, S^Hffi2 5 0 2, &1RSB2 5 0 3, 
X-f >yf-2 5 04, (0^L&^) -CflttfcSfl 

*i3f£ B J?£ii^B2 5 o 2^-eoffiofi-TOsm 

[oi27i jy±<wc, *wffii!<^fl»i4*bT 
ja< , fc^£#»os?««tot)ati> - t awe 

t>&. 4fc. *HJg^com-f^S5iiMfeCTl~7^fc'0 

4 7 *«u>^^*»t*s»j«*ffl^T tseas-r* £ t 

[01281 [ggJtftl 9 ] *%R)i£33t LT«ft8flfc 
TFT(4«^^m^^StCfflV^Ck* { T'#4. BP 

[0 12 91 *<0«**F«»k UT14, rn^i^ 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The invention in this application relates to the semiconductor device which has 
the circuit which consisted of thin film transistors (henceforth TFT), and its production approach. For 
example, it is related with the electronic equipment which carried as components the electro-optic 
device and such an electro-optic device which are represented by the liquid crystal display panel. 
Especially this invention relates to the semiconductor device equipped with wiring of the dry etching 
method which etches a metal thin film, and the taper configuration acquired by the dry etching method. 
[0002] In addition, a semiconductor device points out the equipment at large which may function by 
using a semi-conductor property into this specification, and all of an electro-optic device, a 
semiconductor circuit, and electronic equipment are semiconductor devices. 
[0003] 

[Description of the Prior Art] In recent years, the technique which constitutes a thin film transistor 
(TFT) using the semi-conductor thin film (number of thickness - about hundreds of nm) formed on the 
substrate which has an insulating front face attracts attention. A thin film transistor is widely applied to 
an electron device like IC or an electro-optic device, and development is hurried especially as a 
switching element of an image display device. 

[0004] Conventionally, aluminum is used abundantly from electrical resistivity, chemical resistance, etc. 
in the ease of carrying out of processing at the wiring material of TFT. However, when aluminum was 
used for wiring of TFT, formation of projections, such as a hillock and a whisker, and the diffusion to 
the channel formation field of an aluminum atom had caused the malfunction of TFT, and the fall of a 
TFT property by heat treatment. Therefore, as wiring materials other than aluminum, the specific 
resistance of bulk is comparatively as low as 5.5micro ohm-cm, and a heat-resistant high tungsten (W) is 
mentioned as a desirable ingredient. 

[0005] Moreover, the demand to ultra-fine processing technology is becoming still severer in recent 
years. Especially in the liquid crystal display, control of very severe line breadth is called for with the 
high selection ratio in the processing process of wiring with highly-minute-izing and big-screen-izing. 
[0006] Generally processing of wiring can be performed by the wet etching which uses a solution, or the 
dry etching using gas. However, when wet etching takes into consideration detailed-izing of wiring, 
repeatability reservation, reduction of trash, and reduction of cost, since it is disadvantageous, 
processing of wiring is considered toward dry etching. 

[0007] In case a tungsten (W) was processed by the dry etching method, as etching gas used, the mixed 
gas of SF6 and C12 was common. When this mixed gas was used, while an etching rate is large and 
micro processing in a short time was possible, it was difficult to acquire a desired taper configuration. 
Since the coverage of the cascade screen formed after wiring is improved, depending on device 
structure, the cross section of wiring may be intentionally made into a forward tapered shape. 
[0008] 

[Problem(s) to be Solved by the Invention] Then, the technical problem of this invention offers the dry 
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etching approach which carries out patterning of the etched layer which consists of a tungsten (W) or a 
tungsten compound so that the cross section may serve as a forward tapered shape configuration. 
Moreover, in such a dry etching approach, it does not call at the location of an etched layer, but the 
approach of being a uniform cone angle and controlling the cone angle of arbitration is offered. In 
addition, the semiconductor device using wiring which has the cone angle of the arbitration obtained by 
the above-mentioned approach, and its production approach are offered. 
[0009] 

[Means for Solving the Problem] The configuration of invention about wiring indicated on these 
specifications is wiring which consists of the tungsten film, metallic-compounds film which uses a 
tungsten compound as a principal component, or metal alloy film which uses a tungsten alloy as a 
principal component, and is characterized by being the range whose taper angle alpha is 5 degrees - 85 
degrees. 

[0010] Moreover, the configuration of other invention about wiring has the laminated structure which 
carried out the laminating of the tungsten film, the metallic-compounds film which uses a tungsten 
compound as a principal component, or the thin film chosen from the metal alloy film which uses a 
tungsten alloy as a principal component, and is wiring which is the range whose taper angle alpha is 5 

(degrees - 85 degrees. 
[001 1] Moreover, in each above-mentioned configuration, said metal alloy film is characterized by 
being the alloy film of a kind of element or two or more sorts of elements which were chosen from Ta, 
£i, Mo, Cr, Nb, and Si, and a tungsten. 

[0012] Moreover, in each above-mentioned configuration, said metallic-compounds film is characterized 
by being the nitride film of a tungsten. 

[0013] Moreover, in each above-mentioned configuration, in order to raise adhesion, it is good also as a 
configuration which prepares the silicon film (for example, phosphorus dope silicon film, boron dope 
silicon film, etc.) which has conductivity in the lowest layer. 

[0014] Moreover, the configuration of invention about a semiconductor device is the semiconductor 
device which consisted of the tungsten film, metallic-compounds film which uses a tungsten compound 
as a principal component, or metal alloy film which uses a tungsten alloy as a principal component, and 
was equipped with wiring which is the range whose taper angle alpha is 5 degrees - 85 degrees. 

<[0015] Moreover, the configuration of other invention about a semiconductor device is the 
semiconductor device which has the laminated structure which carried out the laminating of the tungsten 
film, the metallic-compounds film which uses a tungsten compound as a principal component, or the 
thin film chosen from the metal alloy film which uses a tungsten alloy as a principal component, and 
was equipped with wiring which is the range whose taper angle alpha is 5 degrees - 85 degrees. 
[0016] Moreover, in each configuration about the above-mentioned semiconductor device, said wiring is 
characterized by being gate wiring of TFT. 

[0017] Moreover, the configuration of invention about the production approach of wiring is the 
production approach of wiring of having the process which forms a metal thin film on the substrate film, 
the process which forms a resist pattern on said metal thin film, and the process which forms wiring by 
which it etched into the metal thin film which has said resist pattern, and the taper angle alpha was 
controlled according to bias power density. 

[0018] Moreover, the configuration of other invention about the production approach of wiring is the 
production approach of wiring of having the process which forms wiring by which the taper angle alpha 
was controlled according to the flow rate of the process which forms a metal thin film on the substrate 
film, the process which forms a resist pattern on said metal thin film, and the reactant gas which etches 
into the metal thin film which has said resist pattern, and contains a fluorine. 

[0019] Moreover, in each configuration about the production approach of the above-mentioned wiring, 
said etching is characterized by the selection ratio of said substrate film in said etching gas and said 
metal thin film being larger than 2.5 using the etching gas which is the mixed gas of the 1st reactant gas 
containing a fluorine, and the 2nd reactant gas containing chlorine. 

[0020] Moreover, in each configuration about the production approach of the above-mentioned wiring, 
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said metal thin film is characterized by being the tungsten film, the metallic-compounds film which uses 
a tungsten compound as a principal component, the thin films which were chosen from the metal alloy 
film which uses a tungsten alloy as a principal component, or those cascade screens. 
[0021] Moreover, the configuration of invention about the dry etching approach is the dry etching 
approach that etching gas removes the request part of the tungsten film, the metallic-compounds film 
which uses a tungsten compound as a principal component, or the thin film chosen from the metal alloy 
film which uses a tungsten alloy as a principal component, and said etching gas is the dry etching 
approach characterized by being the mixed gas of the 1st reactant gas containing a fluorine, and the 2nd 
reactant gas containing chlorine. 

[0022] Moreover, in the configuration of invention about the above-mentioned dry etching approach, 

said 1st reactant gas is characterized by being gas chosen from CF4, C2F6, or C4F8. 

[0023] Moreover, in the configuration of invention about the above-mentioned dry etching approach, 

said 2nd reactant gas is characterized by being gas chosen from C12, SiC14, or BC13. 

[0024] Moreover, in the configuration of invention about the above-mentioned dry etching approach, it 

is characterized by performing dry etching using an ICP etching system. . 

[0025] Moreover, in the configuration of invention about the above-mentioned dry etching approach, it 
is characterized by controlling the taper angle alpha by adjusting the bias power density of said ICP 
etching system. 

[0026] Moreover, the configuration of other invention about the dry etching approach is the dry etching 
approach characterized by controlling the taper angle of inside side attachment walls, such as a hole and 
a slot, formed of etching according to bias power density. 

[0027] Moreover, the configuration of other invention about the dry etching approach is the dry etching 
approach characterized by controlling the taper angle of inside side attachment walls, such as a hole and 
a slot, formed of etching according to the flow rate of gas. 
[0028] 

[Embodiment of the Invention] The operation gestalt of the invention in this application is explained 
below using drawing 1 - drawing 8 . 

[0029] In this invention, the ICP (Inductively Coupled Plasma) etching system which uses the high 

density plasma was used. If it explains simple, an ICP etching system is combining RF power in the 

plasma inductively by the low voltage force, will attain the plasma consistency of three or more 

[1011 //cm ], and will perform processing of a high selection ratio and a high etching rate. 

[0030] First, an ICP dry etching system plasma production device is explained to a detail using drawing 

4. 

[003 1] Simple structural drawing of an etching chamber is shown in drawing 4 . Antenna coil 12 is 

arranged on the quartz plate 11 of the chamber upper part, and it connects with the RF power source 14 

through the matching box 13. Moreover, the RF power source 17 is connected also to the lower 

electrode 15 by the side of the substrate arranged at opposite through the matching box 16. 

[0032] If RF current is impressed to the antenna coil 12 of the substrate upper part, the RF current J will 

flow in the direction of theta to antenna coil 12, and Field B will occur in a Z direction. 

[0033] 

[Equation 1] 
Mo J = r o t B 

[0034] According to Faraday's law of induction, induction field E arise in the direction of theta. 

[0035] 

[Equation 2] 
*B 

=ro tE 

d t 

[0036] An electron is accelerated in the direction of theta by this induction field E, it collides with a gas 



http ://www4 . ipdl .ncipi . go.j p/cgi-bin/tran_web_cgi_ej j e 1 0/28/ 04 



Page 4 of 13 



molecule, and the plasma is generated. Since the direction of induction field is the direction of theta, the 
probability for a charged particle to collide with an etching chamber wall and a substrate, and to 
disappear a charge becomes low. Therefore, the plasma of high density can be generated also by the 
about lPa low voltage force. Moreover, to a lower stream of a river, since there is almost no field B, it 
becomes the high density plasma field which spread in the shape of a sheet. 

[0037] It is possible to control independently a plasma consistency and an auto-bias electrical potential 
difference by adjusting RF power impressed to each of the lower electrode 15 (bias power is impressed) 
by the side of antenna coil 12 (ICP power is impressed) and a substrate. Moreover, it also becomes 
possible to change the frequency of RF power impressed according to the ingredient of a processed 
material. 

[0038] In order to pass the RF current J which flows to antenna coil 12 in order to acquire the high 
density plasma by the ICP etching system by low loss and to large-area-ize it, the inductance of antenna 
coil 12 must be reduced. Therefore, the ICP etching system of the multi-spiral coil 22 which divided the 
antenna as shown in drawing 5 was developed. As for a quartz plate, and 23 and 26, a matching box, and 
24 and 27 is [ 21 in drawing 5 ] RF power sources. Moreover, the lower electrode 25 holding a substrate 
28 is formed in the pars basilaris ossis occipitalis of a chamber through the insulator 29. If the etching 
system using ICP which applied such a multi-spiral coil is used, said heat-resistant conductivity 
ingredient can be etched good. 

[0039] this invention people conducted a swing and some experiments for etching conditions using the 
ICP etching system (Matsushita Electric Industrial make: E645) of this multi-spiral coil method. 
[0040] First, the etching sample used for the experiment is explained. The substrate film (200nm) which 
consists of nitriding silicon oxide film was formed on the insulating substrate (1737 substrates), and the 
metal cascade screen was formed by the spatter on it. Here, purity used the tungsten target 6Ns or more. 
Moreover, what is necessary is just to use simple substance gas or those mixed gas, such as an argon 
(Ar), a krypton (Kr), and a xenon (Xe), as sputtering gas. In addition, an operation person should just 
control suitably membrane formation conditions, such as spatter power, a pressure of gas, and substrate 
temperature. 

[0041] This metal cascade screen has the nitriding tungsten film (thickness; 30nm) shown in a lower 
layer by WNx (however, 0< x<l), and has the tungsten film (370nm) in the upper layer. 
[0042] In this way, as for the metal cascade screen obtained, an impurity element can hardly be 
contained, but especially the content of oxygen can be set to 30 ppm or less, and, typically, electrical 
resistivity can be made into 6micro - 15micro ohm-cm below 20micro ohm-cm. Moreover, membranous 
stress can be made into -5x109 - 5x109 dyn/cm2. 

[0043] In addition, into this specification, the nitriding silicon oxide film is an insulator layer expressed 
with SiOxNy, and points out the insulator layer which contains silicon, oxygen, and nitrogen at a 
predetermined rate. 

[0044] The patterning experiment of a metal cascade screen was conducted for this etching sample using 
the ICP etching system of a multi-spiral coil method. In addition, in case dry etching is performed, it is 
needless to say to form the resist mask pattern (thickness: 1.5 micrometers) which carried out patterning 
to the desired configuration using the resist. 

[0045] The type section Fig. of the etching sample before etching processing was shown in drawing 6 
(A). For 601, a substrate and 602 are [ a metal cascade screen (X= 400nm of thickness), and 604a and 
604b of the substrate film, and 603a and 603b ] resist mask patterns (Y= 1.5 micrometers of thickness) 
among drawing 6 (A). Moreover, drawing having shown the condition after etching processing is 
drawing 6 (B). 

[0046] In addition, into this specification, a taper angle means the angle alpha which the taper section 
(ramp) of the cross-section configuration of wiring 603 and the front face of the substrate film 602 
make, as shown at drawing 6 (B). Moreover, a taper angle can be defined as tan alpha=X/Z using the 
width of face Z and Thickness X of the taper section. 

[0047] this invention people observed the swing and the cross-section configuration of wiring for 
various dry etching conditions. 
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[0048] Experiment 1 drawing 1 is drawing having shown the bias power dependency of the taper angle 
alpha. 13.56MHz bias power was experimented by making it 0. 128, 0. 192, 0.256, 0.384, and 0.64 in 
20W, 30W, 40W, 60W, and 100W (W/cm2), i.e., bias power density. In addition, a lower electrode is 
12.5cmxl2.5cm. Moreover, resist thickness is [ l.OPa and the gas presentation of 1.5 micrometers and 
gas pressure ] CF4/C12=30 / 30sccm (however, seem expresses the volumetric flow rate (a part for cm3/) 
in reference condition). Moreover, ICP power is 500W and ICP power density is 1.02 W/cm2. However, 
in this specification, the value which broke ICP power by IPC area area (diameter of 25cm) is made into 
ICP power density (W/cm2). 

[0049] Drawing 1 shows that the taper angle alpha of wiring becomes small, so that bias power density 
is high. Moreover, alpha= 5 degrees - 85 degrees (preferably the range of 20 degrees - 70 degrees) of 
desired taper angles can be formed by only adjusting bias power density . 

[0050] The cross-section SEM photograph when setting bias power to 20W (bias power density; 0.128 
W/cm2) In addition, drawing 7 (A), The cross-section SEM photograph when setting bias power to 30W 
(bias power density; 0.192 W/cm2) Drawing 7 (B), The cross-section SEM photograph when setting 
bias power to 40W (bias power density; 0.256 W/cm2) Drawing 7 (C), The cross-section SEM 
photograph when setting the cross-section SEM photograph when setting bias power to 60W (bias 
power density; 0.384 W/cm2) into drawing 8 (A), and setting bias power to 100W (bias power density; 
0.64 W/cm2) was shown in drawing 8 (B), respectively. It can observe being formed in the range whose 
taper angle alpha is 20 degrees - 70 degrees from each SEM photograph shown in drawing 7 and 
drawing 8 , and it turns out that the taper angle alpha is controllable by changing bias power density. 
[005 1] The selection ratio of a tungsten and a resist becomes small and this is considered for the retreat 
phenomenon of a resist to arise. 

[0052] Experiment 2 and drawi ng 2 are drawings having shown the flow rate dependency of the taper 
angles alpha and CF4. It experimented by setting a gas presentation ratio to CF4/C12=20/40sccm, 
30/30sccm, and 40/20sccm. Gas pressure is [ 0. 128W /of 2 and resist thickness of 1 .OPa and bias power 
density / cm ] 500W (ICP power density; 1.02 W/cm2) about 1.5 micrometers and ICP power. 
[0053] It turns out that the selection ratio of a tungsten and a resist becomes large by drawing 2 , so that 
the flow rate of CF4 is large, and the taper angle alpha of wiring becomes large. Moreover, the dry area 
of a substrate also decreases. It is becoming the increase of flow rate of CF4 (decrease of C12 flow rate) 
about the dry area of a substrate, and it is considered as a cause that the etching anisotropy became 
weaker. Moreover, alpha= 5 degrees - 85 degrees (preferably the range of 60 degrees - 80 degrees) of 
desired taper angles can be formed by only adjusting the flow rate of CF4. 

[0054] Experiment 3 and 13.56MHz ICP power were experimented by making it 0.82, and 1.02 and 1.22 
in 400W, 500W, and 600W, i.e., ICP power density. For bias power, 20W (bias power density; 0. 128 
W/cm2) and resist thickness are [ l.OPa and the gas presentation of 1.5 micrometers and gas pressure ] 
,CF4/C12=30/30sccm. 

[0055] Although the etching rate of a tungsten becomes large as ICP power density becomes large, 
etching rate distribution worsens. Moreover, especially change of a taper angle was not seen. 
[0056] It experimented by setting experiment 4 and gas pressure to l.OPa and 2.0Pa. For ICP power, 
500W (ICP power density; 1 .02 W/cm2) and a gas presentation are [ 20W (bias power density; 0. 128 
W/cm2) and the resist thickness of CF4/C12=30/30sccm, and bias power ] 1.5 micrometers. 
[0057] The etching rate of a tungsten becomes early and an anisotropy also becomes strong as it 
becomes a high vacuum. Moreover, in 2. OPa, it became an inverse tapered shape configuration. 
[0058] It experimented by setting experiment 5 and the total flow of etching gas to 60sccm(s) and 
120sccm. For l.OPa and ICP power, 500W (ICP power density; 1.02 W/cm2) and a gas presentation are 
[ gas pressure / 20W (bias power density; 0. 128W/cm2) and the resist thickness of CF4/C12=30/30sccm, 
and bias power ] 1.5 micrometers. 

[0059] As for the rate, the way with much total flow of etching gas became large a little. 
[0060] Since a taper angle is mainly influenced by bias power density conditions from the above- 
mentioned experimental result, it is thought that it is dependent on the selection ratio of a tungsten and a 
resist. The dependency of a tungsten, the selection ratio of a resist, and a taper angle was shown in 



http ://www4 . ipdl .ncipi . go.j p/cgi-bin/tran_web_cgi_ejj e 1 0/28/04 



Page 6 of 13 



drawin g 3 . 

[0061] If change of bias power density influences the selection ratio of a tungsten and a resist greatly 
and enlarges bias power density rather than the etching rate of a tungsten, the selection ratio of a 
tungsten and a resist will tend to fall. The tungsten and the bias power density dependency of the etching 
rate of a resist were shown in drawing 9 (A), and the bias power density dependency of the selection 
ratio of a tungsten and a resist was shown in drawing 9 (B). 

[0062] That is, since a resist is also etched at the same time it etches a tungsten, as shown in drawing.6 
(A) and drawing 6 (B), if the selection ratio of a tungsten and a resist is large, a taper angle will become 
large, and a taper angle will become small if the selection ratio of a tungsten and a resist is small. 
[0063] Moreover, if CF4 gas-stream quantitative ratio is similarly made small, the selection ratio of a 
tungsten and a resist will tend to fall. The tungsten and CF4 quantity-of-gas-flow ratio dependency of 
the etching rate of a resist were shown in drawing 10 (A), and CF4 quantity-of-gas-flow ratio 
dependency of the selection ratio of a tungsten and a resist was shown in drawing 10 (B). 
[0064] Moreover, the tungsten and the ICP power density dependency of the etching rate of a resist were 
shown in drawing 1 1 (A), and the ICP power density dependency of the selection ratio of a tungsten and 
a resist was shown in drawing 1 1 (B). 

[0065] Moreover, although that by which the substrate film (200nm) which consists of nitriding silicon 
oxide film was formed on the insulating substrate as an etching sample, and the metal cascade screen 
(cascade screen of the nitriding tungsten film and the tungsten film) was formed on it was used in each 
above-mentioned experiment This invention is applicable if it is the laminated structure which carried 
out the laminating of the tungsten film, the metallic-compounds film which uses a tungsten compound 
as a principal component, the thin films which were chosen from the metal alloy film which uses a 
tungsten alloy as a principal component, or those thin films. However, the case where a selection ratio 
with the substrate film is 2.5 or less, and what has an extremely small etching rate remove. For example, 
a selection ratio with the substrate film (SiOxNy) is about 1.5 or less, and since the etching rate is as 
small as about 50 nm/min, the W-Mo alloy film (it has the weight % ratio of W:Mo=52:48) is not 
suitable from a viewpoint of workability. 

[0066] Here, although W film was shown as an example, if an ICP etching system is used about the 
heat-resistant conductivity ingredients (Ta, Ti, Mo, Cr, Nb, Si, etc.) generally known, the edge of a 
pattern is easily processible as a taper configuration. For example, 6-8 are chosen also for a selection 
ratio by 140 - 160 nm/min, and the etch rate of Ta film serves as the etch rate 70 of W film - 90 nm/min, 
and a value that was excellent to selection ratios 2-4. Therefore, although Ta film is also suitable from a 
viewpoint of workability, as a value which is not shown in front Naka, the resistivity of Ta film is 20 - 
30microomegacm, and a point high a little turns into a difficulty compared with the resistivity of W film 
being 10 - 16microomegacm. 

[0067] Moreover, although the mixed gas of CF4 (carbon tetrafluoride gas) and C12 gas was used as 
etching gas used for the above-mentioned dry etching, it is also possible to use the mixed gas of the 
reactant gas containing the fluorine which was not limited especially, for example, was chosen from 
C2F6 or C4F8, and the gas containing the chlorine chosen from C12, SiC14, or BC13. 
[0068] Moreover, if it is the case where especially the etching conditions of this invention were not 
limited, for example, carbon tetrafluoride gas (CF4) and chlorine (C12) are used using an ICP etching 
system (Matsushita Electric Industrial make: E645) etching gas total-flow: - 60 - 120sccm etching gas 
flow rate: - CF4/C12=3 0/30 seem - 50 / lOsccm gas pressure (pressure of etching gas ambient 
atmosphere): ~ l.OPa - 2.0PaICP power density: 0.61W/cm 2-2.04W[/cm ] 2 (ICP power : 300W - 
1000W) and a frequency 13MHz - 60MHz bias power density : 0.064 W/cm2 - 3.2 W/cm2 (bias power: 
10W-500W), and a frequency 100kHz - 60MHz - desirable - 6MHz - 29MHz substrate temperature: - 
it is 70 degrees C **10 degrees C preferably, and an operation person should just determine suitably 0 
degree C - 80 degrees C of etching conditions within the limits of this. 

[0069] In addition, into this specification, "electrodes" is some "wiring" and points out the part which 
performs electrical installation with other wiring, or the part which intersects a semi-conductor layer. 
Therefore, for convenience, although "wiring" and an "electrode" are used properly, "wiring" shall 



http://www4.ipdl .ncipi.go.j p/ cgi-bin/tranjwebcgiejj e 10/28/04 



Page 7 of 13 



always be included in the **** an "electrode" of explanation. 

[0070] Suppose that still more detailed explanation is given about the invention in this application which 

becomes with the above configuration as it is also at the example shown below. 

[0071] 

[Example] The example of [example 1] this invention is explained using drawing 12 and drawing 13 . 
Here, the active-matrix substrates which produced to coincidence TFT of the drive circuit prepared 
around the pixel section are explained to be the pixel TFT of the pixel section, and retention volume. 
[0072] The structure of this example has TFT on the substrate 101 which has an insulating front face, as 
shown in drawing 12 . It is desirable to use a glass substrate and a quartz substrate for a substrate 101 . In 
addition, it is good also considering the thing in which the insulator layer was formed on the front face 
of a silicon substrate, a metal substrate, or a stainless steel substrate, as a substrate. If thermal resistance 
allows, it is also possible to use a plastic plate. 

[0073] In the front face in which TFT of this substrate 101 is formed, it has the substrate film 102 which 
consists of an insulator layer (the generic name of the silicon oxide film, a silicon nitride film, or the 
nitriding silicon oxide film is pointed out in this specification) containing silicon (silicon). For example, 
laminating formation of the 10-200nm (preferably 50-1 OOnrn) oxidation nitriding hydrogenation silicon 
film 102b similarly produced from SiH4, N20, and H2 in oxidation silicon nitride film 102a produced 
from SiH4, NH3, and N20 was carried out by the plasma-CVD method at the thickness of 50-200nm 
(preferably 100-150nm). Although the substrate film 102 was shown as two-layer structure here, a 
laminating may be carried out the monolayer of said insulator layer, or more than two-layer, and you 
may form. 

[0074] Moreover, on the substrate film 102, it has the barrier layer of TFT. What performed patterning 
was used for the crystalline semi-conductor film which was made to crystallize the semi-conductor film 
which has amorphous structure as this barrier layer, and was obtained. What is necessary is just to apply 
the crystallizing method using a catalyst element according to the technique indicated as the 
crystallization approach by the well-known technique, for example, the laser annealing method and the 
heat annealing method (solid phase grown method), the RAPITTO thermal annealing method (RTA 
law), or JP,7-130652,A. In addition, there are amorphous semiconductor film and microcrystal semi- 
conductor film as semi-conductor film which has amorphous structure, and the compound 
semiconductor film which has the amorphous structure of the amorphous silicon germanium film etc. 
may be applied to it. 

[0075] It formed by the insulator layer which wrap gate dielectric film 130 sets thickness to 40-150nm 
for the barrier layer of Above TFT using a plasma-CVD method or a spatter, and contains silicon. At 
this example, it formed from the oxidation silicon nitride film by the thickness of 120nm. Moreover, 
since the fixed density of electric charge in the film is reduced, the oxidation silicon nitride film which 
SiH4 and N20 were made to add 02, and was produced serves as a desirable ingredient to this 
application. Of course, gate dielectric film is not limited to such an oxidation silicon nitride film, and 
may use the insulator layer containing other silicon as a monolayer or a laminated structure. 
[0076] The gate electrodes 1 18-122 and the capacity electrode 123 which were formed on the above- 
mentioned gate dielectric film have the structure which carried out the laminating of the conductive 
layer (A) which consists of a conductive nitride metal membrane, and the conductive layer (B) which 
consists of a metal membrane using the heat-resistant conductivity ingredient. What is necessary is just 
to form a conductive layer (B) by the alloy which uses as a component the element chosen from Ta, Ti, 
and W, or said element, and the alloy film which combined said element. At this example, by the spatter 
using W target whose purity is 6Ns, patterning of the electric conduction cascade screen which 
introduced Ar gas and nitrogen (N2) gas, formed the conductive layer (A) in the thickness of 50nm by 
WN film, and formed the conductive layer (B) in the thickness of 250nm by W film was carried out, and 
the gate electrodes 1 18-122 and the capacity electrode 123 were completed. In addition, it etches so that 
the taper section may be formed in the edge of the gate electrodes 1 18-123. An ICP etching system 
performs this etching processing. The detail of the technique is as having been shown in the gestalt of 
implementation of invention. In this example, the mixed gas of CF4 and C12 was used for etching gas, 
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and by setting the flow rate to 30sccm(s), 3.2 W/cm2 (frequency: 13.56MHz) was performed for ICP 
power density, and it etched considering bias power density as 0.224 W/cm2 (frequency: 13.56MHz) 
and l.OPa of gas pressure, respectively. By considering as such etching conditions, in the edge of the 
gate electrodes 1 18-122 and the capacity electrode 123, the taper section which thickness increases from 
this edge gradually toward the inside was formed, and 25-35 degrees of the include angle were able to 
be preferably made into 30 degrees. 

[0077] In addition, since over etching which increases etching time at about 10 - 20% of a rate in order 
to etch without leaving residue, in case the gate electrodes 1 18-122 which have this taper configuration, 
and the capacity electrode 123 are formed was given, gate dielectric film 130 has the part which became 
thin substantially. 

[0078] Moreover, in this example, in order to form a desired LDD field, the impurity element which 
gives n mold or p mold to an edge in self align by using as a mask the gate electrodes 1 18-122 which 
have the taper section was added to the barrier layer by the ion doping method. Moreover, suitably, in 
order to form a desired LDD field, the impurity element which gives n mold or p mold by using a resist 
pattern as a mask was added to the barrier layer by the ion doping method. 

[0079] In this way, it has structure with the channel formation field 206, the LDD field 207 which laps 
with a gate electrode, the source field 208 which consists of a high concentration p mold impurity range, 
and the drain field 209 at 1st p channel mold TFT(A)200a of a drivecircuit at the barrier layer. In 1st n 
channel mold TFT(A)201a, it has the LDD field 211 which is formed in a barrier layer in the channel 
formation field 210 and a low concentration n mold impurity range, and laps with the gate electrode 119, 
the source field 212 formed in a high concentration n mold impurity range, and the drain field 213. 0.1- 
1.5 micrometers of the channel length lay length are preferably set to 0.3-0.8 micrometers to 3-7 
micrometers of channel length by setting to Lov the LDD field which laps with the gate electrode 1 19. 
This die length of Lov is controlled from the thickness of the gate electrode 1 19, and the include angle 
of the taper section. 

[0080] Moreover, 2nd p channel mold TFT(A)202a of a drive circuit has similarly structure with the 
channel formation field 214, the LDD field 215 which laps with the gate electrode 120, the source field 
216 formed in a high concentration p mold impurity range, and the drain field 217 at the barrier layer. It 
has the channel formation field 218, the LDD field 219 which laps with the gate electrode 121, the 
source field 220 formed in a high concentration n mold impurity range, and the drain field 221 in the 
barrier layer at 2nd n channel mold TFT(A)203a. The LDD field 219 is considered as the same 
configuration as the LDD field 21 1 . In the pixel TFT204, it has the source or the drain fields 225-227 
which are formed in a barrier layer in the channel formation fields 222a and 222b, the LDD fields 223a 
and 223b formed in a low concentration n mold impurity range, and a high concentration n mold 
impurity range. The LDD fields 223 a and 223b are considered as the same configuration as the LDD 
field 211. Furthermore, retention volume 205 is formed from the capacity wiring 123, gate dielectric 
film, and the semi-conductor layers 228 and 229 linked to the drain field 227 of a pixel TFT204. 
Although the n channel mold TFT and the p channel mold TFT of a drive circuit were made into the 
structure of a single gate where one gate electrode was prepared between the source drains of a pair and 
Pixel TFT was made into double-gate structure in drawing 12 , each of these TFT(s) is good as single 
gate structure, and does not interfere as multi-gate structure where two or more gate electrodes were 
prepared between the source drains of a pair. 

[0081] Moreover, a gate electrode and gate dielectric film 130 are covered, and it has the protection 
insulator layer 142. What is necessary is just to form a protection insulator layer by the silicon oxide 
film, the oxidation silicon nitride film, the silicon nitride film, or the cascade screen that combined these. 

[0082] Moreover, it has the interlay er insulation film 143 which covers the protection insulator layer 
142 and consists of an organic insulating material ingredient. As an organic resin ingredient, polyimide, 
an acrylic, a polyamide, polyimidoamide, BCB (benz-cyclo-butene), etc. can be used. 
[0083] Moreover, it has the source wiring or drain wiring which touches the source field or drain field 
formed in each barrier layer through the contact hole on the interlay er insulation film 143. In addition, 
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source wiring or drain wiring has the laminated structure of Ti shown by 144a- 154a, the cascade screen 
of aluminum, and the transparence electric conduction film shown by 144b- 154b. Moreover, the drain 
wiring 153a and 153b functions as a pixel electrode. It is the ingredient with which the indium oxide 
zinc-oxide alloy (In203-ZnO) and the zinc oxide (ZnO) also fitted the transparence electric conduction 
film, and in order to raise the permeability and conductivity of the light further, the zinc oxide (ZnO:Ga) 
which added the gallium (Ga) can be used suitably. 

[0084] The above configurations optimize the structure of TFT which constitutes each circuit according 
to the specification which Pixel TFT and a drive circuit require, and make it possible to raise the engine 
performance of operation and dependability of a semiconductor device. Activation of a LDD field, a 
source field, and a drain field is made easy by forming with the conductive ingredient which furthermore 
has thermal resistance as a gate electrode. 

[0085] Furthermore, in case the LDD field which laps with a gate electrode through gate dielectric film 
is formed, it can be expected that an electric-field relaxation effect [ / especially near the drain field ] 
will increase by giving a concentration gradient to the impurity element added in order to control a 
conductivity type, and forming a LDD field. 

[0086] Moreover, the active-matrix substrate shown in drawing 12 is applicable to the liquid crystal 
display of a reflective mold as it is. 

[0087] Next, the active matrix liquid crystal display which applied the active-matrix substrate shown in 
drawing 12 is explained using drawing 13 . 

[0088] first, spacer 405a- of the shape of a column acquired by carrying out patterning of the resin film 
on a active-matrix substrate - 405e and 406 are formed. Moreover, what is necessary is just to 
determine arrangement of a spacer as arbitration. In addition, the approach of sprinkling and preparing a 
several micrometers particle is sufficient as a spacer. 

[0089] Subsequently, in order to carry out orientation of the liquid crystal to the pixel section of a 
active-matrix substrate, the orientation film 407 which consists of polyimide resin etc. is formed. After 
forming the orientation film, it was made to carry out orientation with the fixed pre tilt angle which 
performs rubbing processing and has a liquid crystal molecule. 

[0090] A light-shielding film 402, the transparence electric conduction film 403, and the orientation film 
404 are formed in the opposite substrate 401 by the side of opposite. A light-shielding film 402 forms Ti 
film, Cr film, aluminum film, etc. by the thickness of 150-300nm. And the pixel section, the active- 
matrix substrate with which the drive circuit was formed, and an opposite substrate are stuck by the 
sealing compound 408. 

[0091] Then, the liquid crystal ingredient 409 is poured in among both substrates. What is necessary is 
just to use a well-known liquid crystal ingredient for a liquid crystal ingredient. For example, the non- 
threshold antiferroelectricity liquid crystal mixture in which the electro-optics responsibility from which 
the permeability other than TN liquid crystal changes continuously to electric field is shown can also be 
used. There are some which show the electro-optics response characteristic of a V character mold in this 
non-threshold antiferroelectricity liquid crystal mixture. Thus, the active matrix liquid crystal display of 
the reflective mold shown in drawing 13 is completed. 

[0092] What is necessary is on the other hand, just to form the pixel electrode prepared in each pixel of 
the pixel section with a transparent electrode, in considering as the liquid crystal display of a 
transparency mold. 

[0093] [Example 2] this example shows the example which produced the display using the bottom gate 
mold TFT with which the above-mentioned examples (top gate mold TFT) differ using drawing 14 . 
[0094] First, a metal cascade screen is formed by the spatter on the insulating substrate 1801. This metal 
cascade screen has the nitriding tungsten film in a lower layer, and has the tungsten film in the upper 
layer. In addition, substrate film, such as nitriding silicon oxide film expressed with SiOxNy in contact 
with a substrate, may be formed. Subsequently, the resist mask for obtaining a desired gate circuit 
pattern is formed by the photolithography method. 

[0095] In the bottom gate mold TFT, it is necessary to form gate dielectric film, a channel formation 
field, etc. on gate wiring. In order to raise the TFT property of bottom gate structure, the covering nature 
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of the film formed on gate wiring, and pressure-proofing of gate dielectric film, as for the taper angle of 
the gate wiring 1802-1805, it is preferably desirable that it is 40 degrees or less 60 degrees or less. 
[0096] Subsequently, using the ICP etching system, as shown in the gestalt of implementation of the 
above-mentioned invention, bias power or a gas stream quantitative ratio was chosen suitably, and 60 
degrees or less of taper angles of the gate wiring 1802-1805 were preferably made into 40 degrees or 
less. Subsequent processes are not limited especially that what is necessary is just to use a well-known 
technique. 

[0097] For the n channel mold TFT and 1816, Pixel TFT and 1817 are [ 1814 / a CMOS circuit and 
1815 / a pixel electrode and 1818b of an interlay er insulation film and 1818a ] ITO film in drawing 21. 
This ITO film 1818b is prepared in order to connect with external terminals, such as FPC. Moreover, 
1819 is a liquid crystal ingredient and 1820 is a counterelectrode. Moreover, as for a seal field, and 
1807, 1809-1812, for 1801, the 1st substrate and 1808 are [ a pillar-shaped spacer and 1821 ] the 2nd 
substrate. 

[0098] In addition, this example can be freely combined with an example 1. 
[0099] An example of various wiring structures formed on the insulating front face at [example 3] 
drawing 15 using this invention is shown. The sectional view of wiring of the monolayer structure which 
consists of an ingredient 1501 which uses a tungsten as a principal component on the film (or substrate) 
1500 which has an insulating front face was shown in drawing .1 5 (A). As a target, patterning of the film 
which purity formed using what is 6Ns, using the simple substance gas of an argon (Ar) as sputtering 
gas is carried out, and this wiring forms it. In addition, stress is controlled making substrate temperature 
into 300 degrees C or less, and using the pressure of sputtering gas as l.OPa or more, and an operation 
person should just determine other conditions (spatter power etc.) suitably. 

[0100] In the case of the above-mentioned patterning, the taper angle alpha is controlled according to the 
approach shown in the gestalt of implementation of invention, for example, bias power density. 
[0101] In this way, the cross-section configuration of the wiring 1501 obtained has the desired taper 
angle alpha. Moreover, an impurity element can hardly be contained, but especially the content of 
oxygen can be set to 30 ppm or less, and, typically, electrical resistivity can be made into 6micro - 
15micro ohm-cm below 20micro ohm-cm. Moreover, membranous stress can be made into -5x1010 - 
5x1010 dyn/cm2. 

[0102] Moreover, drawing 15 (B) showed the same two-layer structure as the gate electrode of an 
example 1 . In addition, a nitriding tungsten (WNx) is used as a lower layer, and the tungsten is made 
into the upper layer. In addition, the nitriding tungsten film 1502 is set to 10-50nm (preferably 10- 
30nm), and should just set the tungsten film 1503 to 200-400nm (preferably 250-350nm). In this 
example, laminating formation was continuously carried out using the spatter, without touching 
atmospheric air. 

[0103] Moreover, drawing 15 (C) is the example which covered the wiring 1504 which consists of an 
ingredient which uses as a principal component the tungsten formed on the film (or substrate) 1500 
which has an insulating front face by the insulator layer 1505. What is necessary is just to form an 
insulator layer 1505 by the cascade screen which combined a silicon nitride film, the oxidation silicon 
film, the oxidation silicon nitride film (however, 0< x, y< 1) SiOxNy, or them. 

[0104] Moreover, drawing 15 (D) is the example which covered the front face of the wiring 1506 which 
consists of an ingredient which uses as a principal component the tungsten formed on the film (or 
substrate) 1500 which has an insulating front face by the nitriding tungsten film 1507. In addition, if 
nitriding treatment, such as plasma nitriding, is performed to wiring of the condition of drawing 15 (A), 
the structure of drawing 15 (D) will be acquired. 

[0105] Moreover, drawing 15 (E) is the example which enclosed the wiring 1509 which consists of an 
ingredient which uses as a principal component the tungsten formed on the film (or substrate) 1500 
which has an insulating front face by the nitriding tungsten film 1510 and 1508. In addition, if nitriding 
treatment, such as plasma nitriding, is performed to wiring of the condition of drawing 15 (B), the 
structure of drawing 15 (E) will be acquired. 

[0106] Moreover, drawing 15 (F) is the example covered by the insulator layer 1511, after forming the 
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condition of drawing 15 (E). What is necessary is just to form an insulator layer 1 5 1 1 by the cascade 
screen which combined a silicon nitride film, the oxidation silicon film, an oxidation silicon nitride film, 
or them. 

[0107] Thus, this invention is applicable to various wiring structures. Moreover, this example can be 
freely combined with an example 1 or an example 2. 

[0108] [Example 4] this example explains the case where this invention is applied to the reflective mold 
liquid crystal display produced on the silicon substrate. In an example 1, this example adds the impurity 
element which gives n mold or p mold directly to a silicon substrate (silicon wafer) instead of the barrier 
layer which becomes by the crystalline substance silicon film, and should just realize TFT structure. 
Moreover, since it is a reflective mold, it is a metal membrane with a reflection factor high as a pixel 
electrode (for example, what is necessary is just to use aluminum, silver, or these alloys (aluminum- Ag 
alloy)). 

[0109] In addition, the configuration of this example can be freely combined with any configuration of 
examples 1-3. 

[0110] It is also possible to use, in case [example 5] this invention forms an interlayer insulation film on 
the conventional MOSFET and TFT is formed on it. That is, it is also possible to realize the 
semiconductor device of the three-dimensional structure. Moreover, it is also possible to use SOI 
substrates, such as SIMOX, Smart-Cut (trademark of SOITEC), and ELTRAN (trademark of canon 
incorporated company), as a substrate. 

[01 1 1] In addition, the configuration of this example can be freely combined with any configuration of 
examples 1-4. 

[0112] [Example 6] this invention can also be applied to a active-matrix mold EL display. The example 
is shown in drawing 16 . 

[0113] Drawing 16 is the circuit diagram of a active-matrix mold EL display. 81 expresses the pixel 
circuit and the direction drive circuit 82 of X and the direction drive circuit 83 of Y are formed around 
it. Moreover, each pixel of the pixel circuit 81 has TFT84 for a switch, a capacitor 85, TFT86 for current 
control, and an organic EL device 87, and direction signal-line of X 88a (or 88b) and direction signal- 
line of Y 89a (or 89b, 89c) are connected to TFT84 for a switch. Moreover, the power-source lines 90a 
and 90b are connected to TFT86 for current control. 

[0114] In the active-matrix mold EL display of this example, TFT used for the direction drive circuit 82 
of X, the direction drive circuit 83 of Y, or TFT86 for current control is formed combining the p channel 
mold 200 or TFT 202 of drawing 12 obtained in the example 1, and the n channel mold 201 or TFT 203. 
Moreover, TFT of TFT84 for a switch is formed with the n channel mold TFT204 of drawing J2. . 
[0115] In addition, which configuration of examples 1-5 may be combined to the active-matrix mold EL 
display of this example. 

[0116] The configuration of the above-mentioned active matrix liquid crystal display shown by drawing 
13 of the [example 7] example 1 is explained using the perspective view of drawing .17 , A active-matrix 
substrate (the 1st substrate) consists of the pixel section 802 formed on the glass substrate 801, a gate 
side drive circuit 803, and a source side drive circuit 804. The pixel TFT805 (it is equivalent to the pixel 
TFT204 of drawing 13 ) of the pixel section is the n channel mold TFT, and is connected to the pixel 
electrode 806 and retention volume 807 (it is equivalent to the retention volume 205 of drawing 13 ). 
[0117] Moreover, the drive circuit prepared on the outskirts is constituted on the basis of the CMOS 
circuit. The gate side drive circuit 803 and the source side drive circuit 804 are connected to the pixel 
section 802 with the gate wiring 808 and source wiring 809, respectively. Moreover, the I/O wiring 
(connection wiring) 812 and 813 for transmitting a signal to the external I/O terminal 81 1 to which 
FPC810 was connected to a drive circuit is formed. Moreover, 814 is an opposite substrate (the 2nd 
substrate). 

[0118] In addition, although the semiconductor device shown in drawing 17 is called the active matrix 
liquid crystal display in this specification, generally the thing of the liquid crystal panel attached to FPC 
as shown in drawing 17 is called liquid crystal module. Therefore, although the active matrix liquid 
crystal indicating equipment as used in the field of this example is called a liquid crystal module, it does 
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not interfere. 

[0119] TFT formed by carrying out [example 8] this invention can be used for various electro-optic 
devices. That is, this invention can be carried out on all the electronic equipment that incorporated these 
electro-optic devices as a display medium. 

[0120] As such electronic equipment, a video camera, a digital camera, a head mount display (goggles 
mold display), a wearable display, car navigation, a personal computer, Personal Digital Assistants (a 
mobile computer, a cellular phone, or digital book), etc. are mentioned. Those examples are shown in 
drawing 18 . 

[0121] Drawing 18 (A) is a personal computer and consists of a body 2001, the image input section 
2002, an indicating equipment 2003, and a keyboard 2004. The invention in this application is 
applicable to the signal drive circuit of the image input section 2002, a display 2003, or others. 
[0122] Drawing 18 (B) is a video camera and consists of a body 2101, an indicating equipment 2102, 
the voice input section 2103, an actuation switch 2104, a dc-battery 2105, and the television section 
2106. The invention in this application is applicable to the signal drive circuit of a display 2102, the 
voice input section 2103, or others. 

[0123] Drawing 18 (C) is a mobile computer (Mobile computer), and consists of a body 2201, the 
camera section 2202, the television section 2203, an actuation switch 2204, and a display 2205. The 
invention in this application is applicable to the signal drive circuit of a display 2205 or others. 
[0124] Drawing 18 (D) is a goggles mold display, and consists of a body 2301, a display 2302, and the 
arm section 2303, This invention is applicable to the signal drive circuit of a display 2302 or others. 
[0125] Drawing 18 (E) is a player using the record medium (it is hereafter called a record medium) 
which recorded the program, and consists of a body 2401, an indicating equipment 2402, the 
loudspeaker section 2403, a record medium 2404, and an actuation switch 2405. In addition, this 
equipment can use music appreciation, movie appreciation, a game, and the Internet, using DVD 
(Digtial Versatile Disc), CD, etc. as a record medium. This invention is applicable to the signal drive 
circuit of a display 2402 or others. 

[0126] Drawing 18 (F) is a digital camera and consists of a body 2501, an indicating equipment 2502, an 
eye contacting part 2503, an actuation switch 2504, and the television section (not shown). The 
invention in this application is applicable to the signal drive circuit of a display 2502 or others. 
[0127] As mentioned above, the applicability of the invention in this application is very wide, and 
applying to the electronic equipment of all fields is possible. Moreover, even if the electronic equipment 
of this example uses the configuration which consists of combination like an example 1 - 7 throats, it is 
realizable. 

[0128] TFT formed by carrying out [example 9] this invention can be used for various electro-optic 
devices. That is, this invention can be carried out on all the electronic equipment that incorporated these 
electro-optic devices as a display medium. 

[0129] As such electronic equipment, a projector (a rear mold or front mold) etc. is mentioned. Those 
examples are shown in drawing 19 . 

[0130] Drawing 19 (A) is a front mold projector, and consists of a display 2601 and a screen 2602. This 
invention is applicable to the signal drive circuit of a display or others. 

[0131] Drawing 19 (B) is a rear mold projector, and consists of a body 2701, a display 2702, a mirror 
2703, and a screen 2704. This invention is applicable to the signal drive circuit of a display or others. 
[0132] In addition, drawing 19 (C) is drawing having shown an example of the structure of the displays 
2601 and 2702 in drawing 19 (A) and drawing 19 (B). Displays 2601 and 2702 consist of the light 
source optical system 2801, mirrors 2802, 2804-2806, a dichroic mirror 2803, prism 2807, a liquid 
crystal display 2808, a phase contrast plate 2809, and an incident light study system 2810. The incident 
light study system 2810 consists of optical system containing a projector lens. Although this example 
showed the example of a 3 plate type, it may not be limited especially, for example, may be a veneer 
type. Moreover, an operation person may prepare suitably the optical system of an optical lens, the film 
which has a polarization function, the film for adjusting phase contrast, IR film, etc., etc. in the optical 
path shown by the arrow head in drawing 19 (C). 
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[0133] Moreover, drawing 19 (D) is drawing having shown an example of the structure of the light 
source optical system 2801 in drawing 19 (C). The light source optical system 2801 is constituted from 
this example by a reflector 281 1, the light sources 2812, 2813, and 2814, the polarization sensing 
element 2815, and the condenser lens 2816. In addition, the light source optical system shown in 
drawing 19 (D) is especially an example, and is not limited. For example, an operation person may 
prepare suitably the optical system of an optical lens, the film which has a polarization function, the film 
which adjusts phase contrast, IR film, etc. in light source optical system. 

[0134] As mentioned above, the applicability of the invention in this application is very wide, and 
applying to the electronic equipment of all fields is possible. Moreover, even if the electronic equipment 
of this example uses the configuration which consists of combination like examples 1-3 and example 7 
throat, it is realizable. However, the projector in this example is the liquid crystal display of a 
transparency mold, and it cannot be overemphasized that it is inapplicable to the liquid crystal display of 
a reflective mold. 
[0135] 

[Effect of the Invention] The desired taper angle alpha can be acquired taking the high selection ratio to 
a substrate according to this invention, when the taper angle alpha of wiring sets up suitably controllable 
conditions, bias power, and a quantity-of-gas-flow ratio. Consequently, since the covering nature of the 
film formed on the wiring becomes good, defect generating of the chip of wiring, an open circuit, a short 
circuit, etc. can be reduced. 

[0136] Moreover, it can etch with sufficient field internal division cloth, and a uniform wiring 
configuration is acquired. 

[0137] Moreover, this invention is also applicable to opening processes, such as a contact hole. 
[Translation done] 
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